In a previous paper, Holmgren et al. (1954) 
In a previous paper, Holmgren et al. (1954) reported that of the many Krebs' cycle intermediates and precursors tested citrate and succinate were not oxidized by whole cells of the avirulent H37Ra strain of Mycobarium tuberculosis var. hominis. Since these compounds are key constituents in either a di-or tricarboxylic acid cycle, it was decided to reinvestigate the terminal respiratory mechanism of this organism using cell-free extracts.
Geronimus (1949) postulated that all previous falures to demonstrate a tricarboxylic acid cycle in whole cells of the mycobacteria were due to the impermeable character of the cell membrane to many of the cycle intermediates. He was able to show oxygen uptake with most of these intermediates with cell extracts of Mycobacterium mewmatis, Mycobacterium phii, Mycobacterium species 607, the bovine strain BCG, and strain 1I37 of M. tuberculosi var. hominin. Faine et a. (1951) confirmed this work with M. phlei extracts while Blakley (1951) (1952b) reported the extraction of a number of enzymes related to the tricarboxylic acid cycle from a strain of Mycbaterium avium. Among those isolated were succinic acid oxidase, fumarase, L-malc acid oxidase, a-ketoglutaric acid dehydrogenase, and citric acid oxidase. Acetone dried powders of this organsm were used to 'Predoctorate Fellow of the U. S. Public Health Service. 411 demonstrate citric acid synthesis. Sasakawa and Yamanura (1952) and Sasakawa and Fujii (1952) using extracts of this avian strain demonstrated the aerobic breakdown of citric acid and a-ketoglutaric acid in the presence of methylene blue, Mg++, and Mn++, and the decarboxylation of oxalsuccinic acid activated by Mg++ and Mn++. Yamamura et al. (1952) Denison and Phares (1952) using 13 parts ether, 3 parts acetic acid, and one part distilled water. Citric acid was further identified chemically by the method of Feigl (1946) and that of Ettinger et al. (1952) .
RESULTS
The results of the addition of various substrates to cell extract are shown in figure 1 and table 1. They show that all the Krebs' cycle intermediates and their precursors which were tested were utilized. The highest rates of oxygen uptake were stimulated by substrates L-malic, lactic, and fumaric acids. While the oxygen uptake with these substrates plotted against time was linear, curves plotted for pyruvic, acetic, succinic, citric, a-ketoglutaric, and 3 We wish to thank Dr. L. Lachet of Armour and Company, Chicago, Illinois, for the generous supply of coenzyme A concentrate. oxalacetic acids leveled off after periods ranging from 10 to 30 minutes. With the exceptions of pyruvic and lactic acids the addition of cofactors diphosphopyridine nucleotide, adenosine tri- Additional chromatograms were prepared using the n-butanol, 2.0 per cent formic acid solvent system, and eluates were tested chemically for citric acid by the method described earlier. Citrate was identified by a brilliant blue fluorescence under ultraviolet light by the method of Feigl (1946) and by the presence of a pink to red pyridine layer using the method of Ettinger et al. (1952) . All eluates were ninhydrin negative.
DISCUSSION
From the results showing utilization of Krebs' cycle intermediates and precursors and synthesis of citrate, it is evident that the avirulent strain H37Ra of M. tuberculosis var. ho?ninis possesses a tricarboxylic acid terminal respiratory cycle. Moreover, Ochoa et al. (1951) have reported the isolation of the citric acid condensing enzyme from this same strain of M. tuberculosis among others.
It cannot be assumed, however, that the citric acid cycle is the sole terminal energy mechanism since the possibility of the simultaneous occurrence of a dicarboxylic acid cycle also must be kept in mind. Another possibility involving a 7-carbon unit, the condensation product of pyruvic and oxalacetic acids, as postulated by Umbreit (1949 Umbreit ( , 1953 and Umbreit et al. (1951) must be considered also.
Umbreit (1949) reported that streptomycin inhibited the condensation of pyruvic and oxalacetic acids in a streptomycin sensitive strain of Escherichia coli. His strain utilized citric acid slowly, and he suggested that citric acid accumulated only as a by-product of some process involved more directly in the terminal respiratory process. In our chromatograms, however, any evidence of the existence of an unknown acid was lacking. Moreover, the fact that Oginsky et at. (1950) were unable to demonstrate this streptomycin inhibition of the condensation of pyruvic and oxalacetic acids with a strain of Mycobacterium avium makes the possibility of the presence of a 7-carbon condensation unit in the mycobacteria more unlikely.
Previous respiratory studies (Holmgren et al., 1954) showed no oxygen uptake with whole resting cells using citric and succinic acids as substrates while high concentrations of these acids produced an inhibition of oxygen uptake. Two Loebel et al. (1930 Loebel et al. ( , 1933a to eliminate endogenous respiratory activity would fail to resolve the problem since it would be impossible to determine whether the starvation brought about an exhaustion of utilizable materials on the cell membrane, or closely associated with the cell membrane, thereby increasing permeability, or whether the starvation would merely free the enzyme sites which previously had been saturated with endogenous substrates. Storage of extracts at 5 C for a period of one week had no effect on enzymatic activity. Freezing at -20 C for 20 days decreased the endogenous and citrate dehydrogenase activities while it increased lactate dehydrogenase activity slightly. The fact that a hydrogen carrier, methylene blue, was required for lactate activity indicated that lactate oxidase was absent from H37Ra extracts.
Citrate was synthesized from fumarate and malate by H37Ra extracts and was identified both chromatographically and chemically.
The utilization of the many Krebs' cycle intermediates and their precursors and the synthesis of citrate indicate that the avirulent H37Ra strain of M. tuberculois var. hominis possees a citric acid terminal respiratory cycle.
